Abstract This work proposes the exploitation of underutilized, non-expensive rapeseed press-cake as a source for producing high yield of protein, having superior whiteness and emulsion properties, and reduced level of residual phytate content. The chosen response parameters are relevant to food, pharmaceutical and cosmetic industries. Improvement in functional properties (emulsion properties) along with reduction in dark colour and toxic phytic acid level is expected to make rapeseed protein safer and commercially more viable for various applications. A multi-objective optimization technique based on Response surface methodology (RSM) has been presented. Using Derringer function, an optimum and feasible experimental condition was obtained with high composite desirability. The calculated regression model proved suitable for the evaluation of extraction process, whose adequacy was confirmed by Anderson-Darling Normality tests, Relative Standard Error of the Estimate (RSEE) and also by means of additional experiments performed at derived feasible experimental condition. The proposed simple alkaline protein extraction process, from defatted partially dephenolized rapeseed meal, under feasible optimal condition, was found to be suitable and potent for the recovery of high-quality vegetable protein.
Introduction
Currently rapeseed ranks the third leading source of oil meal (after soy and cotton). The under-utilized meal or cake, the solid waste remaining after cold pressing of rapeseed to produce vegetable oil, is being generated in bulk quantity from oil processing industries. Isolation of valuable materials from this waste, such as protein, is crucial for its optimal use. In the course of harnessing this industrial waste, its protein production volume (overall yield), consumer relevance, possible technical application and associated harmful compounds derived along with protein (if any), are pertinent for food or pharmaceutical or any other related industries. The recuperation of proteins present in rapeseed meal, making it feasible for use in human food, is important due to its balanced amino acids composition (Sadeghi et al. 2006) , and excellent technofunctional properties which are comparable with those of soy, sunflower and other leguminous proteins (Dong et al. 2011) . However compared to soy protein industry, the rapeseed/ canola protein has not had as much opportunity or volume to develop, mainly due to its poor dark brown-black appearance, caused by association of oxidized or polymerized polyphenolic compounds with protein, especially during conventional alkaline extraction. In this connection, several attempts have been made for the production of oilseed protein with reduced colour, using membrane-based extraction, ultrafiltration, diafiltration, ion-exchange and protein micellar mass methods (Bérot et al. 2005; Xu et al. 2003) . However, all these processes failed to make any noticeable improvement in either the colour of the isolate or the protein content (Marnoch and Diosady 2006 ). An effective search for efficient and cheap means for obtaining light-coloured rapeseed protein still remains a challenge.
For rapeseed protein to occupy a good position in the commercial chain like other vegetable proteins, extraction steps need to be followed up and improved. As alkaline protein extraction is the most widely used technique among the authors, so simple feasible changes need to be incorporated in specific parts of the process. In particular, attention must be paid to those parts of the extraction protocol which may conceal sources of pitfalls, thereby deteriorating the product quality. In practice, attention is now being focused on the production and use of protein concentrates/isolates from partially dephenolized meal (González-Pérez et al. 2002) because recovery of vegetable proteins, devoid of coextracted polyphenols, from the rapeseed/canola meal is not possible due to the strong covalent bond of polyphenol-protein complex (Xu and Diosady 2002 ). Also, very low level of polyphenol-protein complex seems to have beneficial effects in imparting superior techno-functional properties (Balange and Benjakul 2009; Rubino et al. 1996) , without imparting much negative effect on the colour of the resulting protein concentrate/isolate. Perusal of literature reveals that variation of physicochemical parameters such as pH, ionic strength, temperature, extraction time and solid-to-liquid ratio influence protein extraction efficiency. There is a multitude of references related to the solubilisation of vegetable proteins in water or NaCl solution with widely varying pH levels (controlled by the addition of NaOH or HCl), with or without the presence of reducing agent such as sodium sulfite or ascorbic acid (Green 2006; Green et al. 2010) . Although the effects of all those process parameters on protein extraction from different plant sources have been assessed separately, a systematic study of their concerted application is still lacking. Subsequent retrieval of protein by acidic isoelectric precipitation is very common. Recently, this traditional isoelectric precipitation method has been found to impart adverse effects on extraction yield (due to multiple isoelectric points of oilseed proteins) (Dong et al. 2011; Sadeghi et al. 2006 ) and on functional properties of the protein isolate (Liu et al. 2011) . Therefore, protein recovery should be maximized by use of alternative precipitation methods in order to maximize the overall protein yield and its functional properties. In this perspective, protein precipitation by ammonium sulphate is preferable since it allows precipitation of maximum amount of dissolved proteins (Alsohaimy et al. 2007; Chen and Rohani 1992) . It is also of particular interest in the field of proteomics, because this salt does not cause any adverse denaturation to the resulting isolate, thereby granting an extra asset to the product (Liu et al. 2011) .
Only scant attention has been paid to the optimization of protein extraction from oilseed meal. When exploring the suitability of aforementioned factors for their potential use in rapeseed protein extraction, it would be rational to select an extraction system, which would efficiently extract high yield of whiter protein, having higher emulsification activity and lower phytate level. Protein emulsions are encountered in many areas including cosmetics, food, pharmaceutics, etc. Optimization of emulsification ability of a vegetable protein is advantageous because protein emulsions, due to their satisfactory stability over a certain storage time and high bioavailability, have attained particular interest as delivery systems for bioactive substances (Yin et al. 2012 ). Proteins are preferred over low molecular weight surfactants for emulsification purposes in foods (Damodaran 2005) . Liu et al. (2011) showed that the peanut protein obtained during isoelectric precipitation gave poorer functional properties than those obtained by ammonium sulphate precipitation, particularly those related with emulsifying properties. Manamperi et al. (2011) optimized the effect of solubilisation and precipitation pH values on the yield and functional properties of canola protein isolate, wherein the authors found that emulsification property of canola protein is sensitive to solubilisation pH, giving better results at high alkaline pH. Nonetheless, no work has been reported regarding the emulsification properties of rapeseed protein, extracted using alkaline dissolution and ammonium sulphate precipitation. In the same way, optimization of extraction conditions for phytate reduction from rapeseed protein has also been overlooked. Presence of phytate in rapeseed and its products has greatly maligned its application as functional food additive. Phytate is present in canola meal at levels as high as 5-7 % (McCurdy 1990) . Even if the work of Harland and Morris (1995) suggests that phytic acid may have some positive anticarcinogenic and antioxidant effects, it is also well established that phytic acid, being an antinutritional factor, acts as a strong chelator, forming protein and mineral-phytic acid complexes; the net result being reduced protein and mineral bioavailability. In addition, it inhibits the action of gastrointestinal tyrosinase, trypsin, pepsin, lipase and amylase (Akande et al. 2010) . For reducing phytates from soy or rapeseed protein, few authors have suggested the use of ultrafiltration (Okubo et al. 1975) , bipolar membranes electrodialysis (Ali et al. 2011) or phytase enzyme (Serraino and Thompson 1984) ; however application of enzymes or sophisticated membrane technologies at an industrial scale is challenging due to their high cost (Long et al. 2011 ). As such, it is of interest to develop alternative extraction process for the production of rapeseed protein with low phytic acid.
While numerous articles have mentioned the usefulness of rapeseed press-cake as a potent source of high-quality edible protein; but none of the study till date has proposed an optimization strategy for simultaneous improvement in yield, whiteness, phytate reduction as-well-as emulsification capacity of the recuperated protein. The present investigation attempts such a methodical approach.
Materials and methods

Materials
Rapeseed press-cake was procured from Assam Khadi and Village Industries Board, Guwahati, Assam, India. The presscake was ground to pass through 60 mesh size sieve, and then stored at −18°C for further analysis. All solvents and reagents were obtained from Merck® (India), of analytical grade. Bovine serum albumin (BSA) was procured from Sigma Chemicals Co. (St. Louis, MO, US).
Preparation of defatted, partially dephenolized meal (treated meal)
Ground meal was defatted using hexane:diethyl ether (1:1 v/v) solvent mixture for reducing the lipid content to <0.1 % (by Soxhlet method). Since the dark colour of oilseed protein is mainly caused by its phenolic compounds, as a result of the removal of them the colour of the product is expected to become lighter. So, defatted meal was extracted with acidified methanol:acetone (1:1 v/v) mixture at a meal-to-solvent ratio of 1:20 (w/v) by mixing the suspension at 200 rpm for 2 h (at 25°C) in an orbital shaker (Sartorius Stedin Biotech, CERTOMAT® IS). Suspension was then centrifuged (SIGMA 3-18 K Centrifuge) at 10,000 rpm for 20 min (at 4°C), and the residue (treated meal) was dried in a vacuum oven under reduced pressure (150 mmHg) at 35±2°C for 42 h and was ground again to pass through a 60 mesh sieve to obtain fine powder and then stored at −18°C until use.
Analyses
Relative protein yield
Rapeseed protein was extracted with selected 31 combinations of independent variables such as extraction time (1-5 h), solvent:meal ratio (10:1-30:1 v/w), NaCl concentration (0-0.2 M) and sodium sulfite concentration (0-0.4 %) as per CCD (Table 1) . Meal extracts were prepared by constant mixing of treated meal-solvent mixture in an orbital shaker set at 200 rpm (25°C). The solvent consisted of an alkaline solution of pH 11, to which sodium chloride and sodium sulfite were added at each of the indicated concentrations in the design (Mune et al. 2010; Wanasundara and Shahidi 1996) . Subsequently, the slurry was centrifuged at 7,000 rpm for 20 min (at 4°C). The supernatant was filtered and the volume of clarified extract was noted. Ammonium sulfate was added into the supernatant to 85 % saturation (Liu et al. 2011 ) and the mixture was kept in ice bath for 3 h with gentle stirring and then centrifuged at 9,000 rpm for 30 min (at 4°C). The obtained protein precipitate was re-dispersed in Milli-Q water (Millipore Water Purification System, ModelElix, USA), the dispersion was adjusted to pH 7 and dialyzed. A known aliquot of this protein solution was analyzed for protein content by the Lowry method, using BSA as standard. Relating the protein amount of the extract to that of the rapeseed meal used (44.8 % of dry matter, determined by Kjeldahl method), protein extractability was calculated as relative protein yield (%), as it is of importance in overall protein turn-over of the production process as a whole (Pickardt et al. 2009 ).
Whiteness index (based on Stensby formula)
All the precipitated protein isolates displayed a similar offwhite colour. However, upon dissolution in water, their solutions showed light brown colours of different intensities; an observation that was consistent with previous report on canola protein isolates (Xu and Diosady 2002) . Therefore, following the protocol of Xu and Diosady (2002) , colorimetric evaluations were performed by scanning their aqueous solution.
Briefly, aliquots of different protein solutions were diluted with Milli-Q water to give a concentration of 2 mg/ml (determined by Lowry method), which was done so that same level of protein could be directly compared (Park and Bean 2003) . Solutions were filled into a rectangular glass cell (6.5 cm length, 1 cm width, 6.5 cm height). The colour intensity of the sample was measured using Hunter Lab Colorimeter (Ultrascan, VIS-Hunter Associates Lab., USA), fitted with a large area port (2.5 cm diameter aperture). The instrument (including 65°/0°geometry, D25 optical sensor, 10°observer, specular light) was calibrated using white and black reference tiles provided by the manufacturer. Measurements of Hunter-L (absolute lightness = 100; absolute darkness = 0), Hunter-a (+a = redness; −a = greenness) and Hunter-b (+b = yellowness; −b = blueness) values were taken. The average of three measurements was taken. Whiteness Index proposed by Codex Alimentrius (WI=L−3b) is biased on blue-yellow dimension. As such, it was calculated using Stensby equation (W Stensby =L+3a−3b) (Zarubica et al. 2005 ).
Estimation of phytates
Definite aliquots of known protein concentration were used for phytate determination using Wade reagent, according to method described by Bhandari and Kawabata (2006) . Results were expressed as sodium phytate equivalent in mg per 100 g protein. Emulsion properties were studied according to the method described by Hassan et al. (2010) .
Statistical analyses
Data from CCD were approximated to a second-order polynomial equation and analysis of variance (ANOVA) was generated. Statistical analysis was performed using STATISTICA (version 7, StatSoft, Oklahoma), MINITAB (version 15, Minitab Inc., US) and Design-Expert (version 6, Stat-Ease Inc., MI, USA) softwares. Effects of variables on responses were discussed by evaluation of one-factor plots, Response surface contour plots and Standardized Pareto charts. Relative standard error of the estimate (RSEE), observed between the experimental and predicted results was determined from Eq. (1).
where, Y exp and Y mod are the values obtained from experiments and from the model, respectively. n is the number of points at which measurements were carried out (Bup et al. 2009 ).
Result and discussion
Modeling the effects by Response Surface Regression Analysis (RSREG) and diagnostic checking of the fitted models
The CCD matrix and the response values obtained for the combination of 4-factors at 5-level each are given in Table 1 . The estimated coefficients of each model are presented in Table 2 . RSREG procedure was employed to fit the quadratic polynomial equation to the experimental data. To develop the fitted response surface model equations, all insignificant terms (p>0.05) were eliminated and the fitted models are shown in Table 3 . The high values of coefficient of determination (R 2 and adjusted-R 2 ) (>0.8) suggest that the quadratic models can explain most of variabilities in the observed data, and thus can be considered as valid models. Good correlation existed between observed and predicted values ( Supplementary  Fig. S1 ). All regression models were highly significant (p≤ 0.000) and p-values for lack-of-fit test were large (p>0.05), which prove that the models are adequate for predicting the responses. Only response Y 4 (Emulsion capacity) showed R 2 lesser than 0.8, which can be considered satisfactory for data of techno-functional properties (Tan et al. 2010) . So, accuracy of the models was further evaluated by RSEE (Bup et al. 2009) Supplementary Fig. S2 ), meaning that these models are sufficiently accurate for predicting the relevant response(s). Additionally, a model can be considered acceptable if RSEE is <10 %; this condition was also satisfied for all the responses (Table 3) .
Effects of the extraction factors on the responses: Standardized Pareto chart, one-factor and contour plots analyses
Among the factors studied, the solvent:meal ratio had the highest impact on Relative protein yield (factor contribution = 22.3 %), W Stensby (35 %) and phytate content (35 % by linear term; 19.6 % by quadratic term) of the recuperated protein (Fig. 1a-c) . This factor had a more limited influence on emulsion stability (9.47 % by linear term; 6.23 % by quadratic term) (Fig. 1d ) and least on emulsion capacity (quadratic term contribution = 2.28 %; linear term contribution = 0.72 %) (Fig. 1e) . Solvent:meal ratio (both linear and quadratic terms) showed a significant effect on all the evaluated parameters, except emulsion capacity. The yield and whiteness increased profoundly with increasing solvent:meal ratio ( Fig. 2a-b) . Solvent:meal ratio has been reported as one of the prime factor affecting protein yield from various plant sources. When the percentage of solvent in a solid-liquid reaction system increases, the reaction proceeds as a result of liquid diffusing, or otherwise penetrating into the interior of the reacting solid. The availability of more liquid increases the driving force of protein out of the meal (Koocheki et al. 2009 ), and hence the yield increases. Within the experimental region, relative protein yield ranged from 19.4 to 34 %, which is much higher than the overall rapeseed protein yield (≈28 %) reported by Manamperi et al. (Manamperi et al. 2011 ). Thus, we were successful in optimizing and increasing the overall protein yield from rapeseed meal better than those reported by earlier authors. The dissolved pigments (polyphenols) in higher solvent-to-solid ratio, did not reach to the saturation level and thus the colour parameters (whiteness) seemed to improve (Koocheki et al. 2009 ). Another probable reason for less development of colour in proteins extracted at high solvent:meal ratio may be that the colourforming polymeric phenols such as tannins are hydrophobic in nature and less extracted from meal in presence of high water content (Karacabey and Mazza 2010; Xu 1999) . The greatest effect of solvent:meal ratio was on phytate content, which can be attributed to the higher solubility of phytates in water. Maga (1982) considered phytates as an impurity in the isolation of protein and stated that when isolation of protein by means of isoelectric precipitation is used, a certain amount of phytates would also precipitate with the protein; extend of binding increases with decreasing pH, especially in low acid pH. Generally binding of phytate with protein at high alkaline pH is very less or negligible (Maga 1982 ). In the current investigation, the use of high alkaline pH might have resulted in lesser leaching of phytates from the meal, and hence accounts for lower presence of phytate in the resulting protein. During recuperation of protein, the added ammonium sulphate did not make the solution acidic and as such, less phytates from the extractant solution might have precipitated along with the protein. This recommends a clear advantage of using ammonium sulphate precipitation over isoelectric precipitation. Figure 2c indicates that increase in solvent:meal ratio decreases the phytate content in the protein.
This observation can be explained by the following example ( Fig. 3a) : Pictorially, let us consider two extraction processes from this study: one process having lower solvent:meal ratio (A) and the other having higher solvent:meal ratio (B). The remaining three extraction factors are held constant at their zero level of CCD matrix. Since the extractability of phytates from the meal is known to be dependent on the pH of the solution (Maga 1982) , which is constant (pH 11) in both the processes, we can presume that a definite quantity of phytates (say 'x' moles) will leach out at constant pH, in both A and B. However, higher solvent:meal ratio will result in more protein dissolution i.e., protein yield will be higher in B ('y' moles) than A ('z' moles) (i.e., y > z). After recuperation of protein by ammonium sulphate, the amount of phytates precipitated with protein of unit mass, will differ in two processes; explicitly, the phytate content present in per mg of protein extracted in process A, will be higher than that present in per mg of protein extracted in process B. Thus, the protein extracted at higher solvent:meal ratio, will tend to have lesser phytate. Few workers (Serraino and Thompson 1984) have suggested the use of salts like NaCl or CaCl 2 or both in extraction medium for reducing phytates from vegetable proteins. Although NaCl is being used in the current investigation, it failed to show any significant effect (p>0.05) on the phytate level, probably due to very low concentration of NaCl investigated herein. Ca 2+ ions can induce phytate dissociation only at low pH (Maga 1982) , meanwhile higher concentration of NaCl may reduce the protein yield by causing salting out effect (Pickardt et al. 2009 ). Hence, these parameters were not tested.
Presence of sodium sulfite in the extraction medium had the second greatest impact. This is evident from the high impact that this factor had on emulsion capacity (26.77 % by quadratic term; 12.8 % by linear term) and phytate content (12.21 %) (Fig. 1c-d) . The interaction term of sodium sulfite and solvent:meal also showed good influence on relative protein yield (10.15 %) and W Stensby (6.07 %) (Fig. 1a-b) . This is because sulphite helps in enhancing protein solubilisation (Adel et al. 1981; Liadakis et al. 1998 ) and also prevents oxidation of polyphenols, and thus limits reactions between proteins and oxidized polyphenols that are responsible for dark colour formation (Lqari et al. 2002) . The impact of NaCl was found to be comparatively low; but it significantly affected the yield (7.65 %). Addition of salts enhances protein extractability due to the increase of ionic force promoted by the added NaCl mainly on globulin protein of oilseeds (Pickardt et al. 2009 ). The predominant effect of salts can be seen on emulsion properties (Fig. 2d-e) . Protein acts as a macromolecular surfactant by adsorbing to and orienting itself at the oil-water interface, in such a way that its non-polar (hydrophobic) segment is partitioned into the oil phase and its hydrophilic segment exposed to the aqueous phase. In this regard, small molecular-weight surfactants usually perform better than macromolecular surfactants, owing to their high diffusivity. This might be the plausible reason for the increase in emulsion capacity with increasing concentration of Na 2 SO 3 (Fig. 2d) . This is because Na 2 SO 3 is known for its innate quality of breaking up certain disulfide linkages in protein molecules (Kim et al. 2000; Li et al. 2012) . These smaller fragments of protein then easily orient 3212 J Food Sci Technol (June 2015) 52(6):3203-3218 Fig. 3 a Diagrammatic illustration showing the plausible mechanism and the role of extraction parameters in reducing phytate level in precipitated protein, and b A diagram to explain the role of protein in oil-water emulsion Fig. 4 Estimated contour plots for the effect of a NaCl and sodium sulphite on Emulsion capacity, b NaCl and sodium sulphite on Emulsion stability, and c NaCl and extraction time on Emulsion stability themselves at the newly created interfaces during emulsification process (Fig. 3b) . It is worth to note that linear or quadratic term of Na 2 SO 3 did not play a significant role in emulsion stability (Fig. 1e) . This changed behaviour can be explained by the fact that Na 2 SO 3 give rise to small molecular protein fragments, which in-turn can easily form emulsion; however large-sized protein-stabilized emulsions are generally more stable than those formed by smaller surfactants, due to their ability to form a strong visco-elastic film around oil droplets via non-covalent interactions, and the arrangement of the protein chain configurations in the form of "loops and trains" in the film, introduce additional forces that help formation of stable emulsion (Damodaran 2005) . In other words, when a protein contains sulfhydryl and disulfide groups, conformational changes in the protein at the interface promote polymerization via the sulfhydryl-disulfide interchange reaction (Fig. 3b) . This steric force, which is a major factor against droplets coalescence (related to emulsion stability) does not exist in emulsions created by smaller protein fragments or surfactants (Damodaran 2005) . The role of interaction term is more evident on emulsification properties (Fig. 1d-e) . The interaction between Na 2 SO 3 and NaCl and its effect on emulsion capacity is shown in Fig. 4a . Increase in Na 2 SO 3 , albeit in presence of lower concentration of NaCl, tends to increase the emulsion capacity of the extracted protein. This may be attributed to the formation of smaller protein fragments by Na 2 SO 3 , as explained above. This explanation may also be the probable reason for the enhanced emulsion stability observed in Fig. 4b , especially in presence of low Na 2 SO 3 concentration. Rapeseed storage proteins contain two major fractions: globulin and albumin. During emulsification, the protein components of the mixture adsorb preferentially to the interface. The composition of the protein film formed at the interface is dependent on relative surface activities of various protein components of the mixture. Compact and highly ordered proteins possess poorer surface activity and emulsifying activity (Damodaran 2005) . Incidentally, the presence of salts like NaCl in the extractant, favours the dissolution of globulin protein from the meal. In rapeseed, globulin is larger, has less rigid structural integrity and exhibit greater decrease in interfacial surface tension, compared with the albumin (Krause and Schwenke 2001) . So, it can be inferred that the presence of globulin constituent in protein isolate favours the formation and stability of emulsion, and this above-described principle aptly explains the enhanced emulsion properties at higher NaCl concentration. This rationalization may be partly extended to the observed emulsion stability at higher concentration of NaCl and extended extraction time (Fig. 4c) . Long extraction duration supports the dissolution of non-protein soluble Harnsilawat et al. (2006) .
Conditions for optimum responses
The model proposed for each response Y is given as: derivative of the function equals zero (Bup et al. 2009; Peričin et al. 2008; Quanhong and Caili 2005) .
Thus, using the partial derivatives of regression equation of each response, given in Table 3 , optimal condition of each dependent variable was obtained and the results are given in Table 4 . Though the critical values of four independent variables for all five responses ranged within the experimental region, except X D value of Y 2 response (beyond α value), the suggested optimal conditions showed considerable differences among the four responses (Table 4) . Thus, unlike Cho et al. (2005) solutions from partial derivatives of polynomial regression equations did not present a reasonable alternative for handling the present problem.
When various responses have to be considered at the same time, it is necessary to find optimal compromises between the (Table 5 ). The composite desirability was then combined with the individual desirability of all responses into a single measure by geometric mean (Tan et al. 2010) . The predicted responses and individual desirability are presented in Table 5 . The behaviour of the predicted responses was generated from the optimized factors of 1.9 h of extraction time, 30.0 v/w of solvent:meal ratio, 0.0 M of NaCl concentration and sodium sulfite level of 0.4 % (Fig. 5a ). In order to make these parameters feasible in experimental runs in conjugation with our earlier report (unpublished data), these observed optimum parameters were drawn to the optimum factor level settings obtained in our previous report (i.e., 1.5 h of extraction time, 27 v/w of solvent:meal ratio, 0.03 M of NaCl concentration and sodium sulfite level of 0.4 %).
The behaviour of the predicted responses from a feasible experimental run at new factor level settings was also generated (Fig. 5b) and compared with Fig. 5a . We used this technique of optimization from a recently published work by Tan et al. (2010) . From these new factor levels, the individual desirability value of Relative protein yield and phytate content increases, because their corresponding predicted values become more suitable for the overall process, i.e., the new predicted response value for Relative protein yield increased and that for phytate content decreased. The new predicted values of the remaining responses and their individual desirabilities slightly decreased, compared to those of the original suggested optimal factors. The composite desirability (D) slightly reduced to 0.853 from 0.902 (Fig. 5 ). This is due to the described converse effects of several responses, i.e. unfeasible conformance to all requirements (Pickardt et al. 2009 ).
Verification of predicted values
To verify these predicted results, extraction experiments were conducted at the new process condition, which is envisaged from a feasible experimental run. The observed experimental values (mean of 4 measurements) were compared to the predicted values (Table 6 ). The predicted values could realistically be achieved within a 95 % confidence interval of experimental values or at least within 99.95 % confidence interval, an observation similar to that of Pickardt et al. (2009) . The obtained experimental values for all responses, in the new feasible condition, were quite close to the predicted optimum values and are in reasonable agreement within the said confidence intervals for these optimized conditions. The closeness between the experimental and predicted values of the quality parameters also indicated the suitability of the corresponding polynomial models. Thus, we were successful in developing an extraction procedure that can produce rapeseed protein, with high yield, acceptable whiteness, improved emulsion properties and reduced level of harmful phytates, better than those reported by earlier authors.
Conclusion
In this work, multi-response surface methodology along with composite desirability function was successfully employed to model and optimize the conditions to obtain rapeseed presscake protein with improved yield, whiteness, technical properties (emulsification) and reduced level of residual phytates. The optimal factor combination (1.5 h of extraction time, 27 v/ w of solvent:meal ratio, 0.03 M of NaCl concentration and sodium sulfite level of 0.4 %) reflects a compromise between the partially conflicting natures of a set of responses. Predicted values under the identified feasible condition were experimentally verified to be in general agreement with the predicted values under optimal condition (95 % or 99.95 % confidence interval). The outcomes of this study can prove productive for food, drug or cosmetic industries.
